Background: Older people are becoming an increasingly important proportion of the populations of developing countries, yet little information exists on their nutritional status or social conditions. Objective: To assess the nutritional status of older people in rural Malawi. Design: Cross-sectional study. Setting: Lilongwe, Malawi. Subjects: A total of 296 respondents (97 males and 199 females) aged from 55±94 y were studied. Methods: Selected anthropometric measurements were taken by trained personnel. Among kyphotic respondents, height was estimated from armspan using regression equations derived from the non-kyphotic respondents. Body mass index (BMI) and corrected arm muscle area (CAMA) were computed using standard equations. Results: The mean age of the respondents was 63.3 y and 68.9 y among females and males, respectively. Kyphosis was seen in 17.3% of all subjects and oedema in 4.1%. Nearly 90% of the subjects were involved in agricultural activities. Men were heavier and taller than women but women had larger MUACs and triceps skinfolds than males. The mean BMIs in kg/m 2 ( AE s.d.) were as follows: 19.7 (2.6) for men and 20.3 (3.0) for women. The prevalence of undernutrition, de®ned as BMI`18.5 kg/m 2 , was 36.1% among males and 27.0% among females. In contrast, using MUAC (cut-offs 23 cm for males and 22 cm for females), 20.4% of the men and only 10% of the women were classi®ed as malnourished. Conclusion: The study demonstrated for the ®rst time that undernutrition is a signi®cant problem among older people in rural Malawi. It highlights the need to incorporate older people into existing and future nutrition and health programmes.
Introduction
Older people are becoming an increasingly important proportion of the populations of developing countries, yet little information exists on their nutritional status or social conditions. It is important to assess the nutritional status of older people because of its role in ensuring a better quality of life and its association with functional ability (Galanos et al, 1994; Manandhar et al, 1997a) . The accurate nutritional assessment of older people is hindered by age related alterations in body comparison (Mitchell & Lipschitz, 1982) and this is further compounded by the lack of suitable standards (Jelliffe & Jelliffe, 1989) . Anthropometric measurements provide an indirect assessment of body composition (Whitehead & Finucane, 1997) and are easy and economical to carry out (Whitehead & Finucane, 1997; Rea et al, 1997) since minimal equipment is required. They are valuable in predicting mortality (Friedman et al, 1985) , in determining changes in nutritional status over time and also in monitoring the effectiveness of nutritional interventions (Chumlea, 1991) . In addition, anthropometry has also been useful in identifying changes in body size and composition that occur with old age (Manandhar, 1995; Lipschitz, 1992; .
Malnutrition among older people has been reported in developed countries (Lipschitz, 1992; Stuckey et al, 1984; DHSS, 1979; DHSS, 1972) and to a limited extent, in developing countries (Marlow et al, 1996; Ethangatta et al, 1996; Thoner, 1993; Yassin & Terry, 1991; Ndaba & O'Keefe, 1985) . In Africa, studies on the well being of older people are now emerging (Allain et al, 1997; Aspray et al, 1996; Angura & Anyuru, 1994; Coombes et al, 1994; Nmadu, 1994; Matuja et al, 1994; McLigeyo, 1993; Wilson et al, 1991; Olubuyide et al, 1991; Apt, 1990; Pappoe et al, 1990; Hampson, 1985; Waterston, 1982; Drury, 1972) but most lack crucial nutrition data. More recently, the nutritional status of older people has been assessed in Africa (Ethangatta et al, 1996; Thoner, 1993; Aspray et al, 1994) , but the studies did not consider alternatives to measurement of height.
Malawi is a land locked country (NSO, 1994) and agriculture is the backbone of its economy. The major staple crop is maize and the export crops are tobacco, tea and sugar. Agriculture is almost entirely rain fed with few irrigation schemes (Government of Malawi, and United Nations, 1993) . Although the population of older people is increasing in Malawi (Government of Malawi, 1966 Malawi, , 1984 Malawi, , 1988 , the problems of ageing have not been viewed as a critical issue since the focus has been on maternal and child nutrition. It is with this background that the present study was proposed to assess the nutritional status of older people.
Subjects and methods
The study was conducted in selected rural areas of Lilongwe district in central Malawi. A team of research assistants was recruited and trained to conduct interviews and take anthropometric measurements. The study population comprised a total of 296 subjects, 97 men and 199 women aged from 55±94 y. The subjects were recruited using a multi-stage cluster sampling technique. Sample size was calculated (Kirkwood, 1988 ) with the assumption that the level of malnutrition would be approximately 10.1% as observed in a recent study conducted among younger adults (NSO, 1994) and with a 95% con®dence interval no wider than 5%. In addition, consideration was made for the cluster sampling design.
Informed consent and approval from ethics committees Verbal informed consent was obtained from the respondents before commencing the study. In addition, the study was approved by the Ethics Committee of the London School of Hygiene and Tropical Medicine, University of Malawi and the Ministry of Health and Population, Malawi.
Age determination
Most studies from developed countries use 60 or 65 y as cut-off points for de®ning the elderly (Sen et al, 1993) . This study included those 55 y of age and over because in many developing countries, biological ageing may begin earlier because of malnutrition, disease exposure, physical work patterns and generally harsh life conditions (Kalache, 1991) . Age was estimated for those who could not remember their exact ages by matching recall of particular historical local events, such as the 1949 famine, to speci®c life stages such as puberty, marriage, birth and ages of children.
Age-group categories were chosen primarily to compare with the NHANES data. In addition, WHO (1995) recommends the use of standard BMI cut-off points (used for younger adults) up to age 69 y, indicating that changes in body composition are more likely to be pronounced after the age of 70 y, so this was considered a useful cut-off for age categories.
Data collection
Data were collected between April and July, 1996 at a central point in each village after prior brie®ng sessions were conducted by the principal researcher with of®cials of the Ministry of Health and Population at headquarters, district and local levels, as well as with local people. Home visits were conducted for the frail and ill respondents.
Questionnaire
Respondents were interviewed using a pre-tested questionnaire to elicit demographic and socio-economic information. In addition, a clinical examination was carried out by a quali®ed nurse. Only anthropometric data are presented in this paper.
Anthropometry
A wide range of anthropometric measurements were taken using standard methodologies (Gibson, 1990; Chumlea, 1991; Durnin, 1989) . Any oedema (noticeable swelling of any part of the body) and kyphosis (spinal curvature) were noted by both the nurse and the enumerator. Height was not measured in individuals unable to make contact with the stadiometer at four key points as recommended (owing to either spinal curvature or bent legs).
Weight was measured to the nearest 0.1 kg on an electronic weighing scale (Soehnle Electronic Scale 7305.00) with subjects wearing minimum clothing. Height was measured to the nearest 0.1 cm using a portable height stadiometer. Armspan measurement was taken with the subjects extending their arms with palms facing forward and then passing the¯exible steel tape in front of the clavicles and measuring from longest ®ngertip to longest ®ngertip, and recorded to the nearest 0.1 cm. Mid Upper Arm Circumference (MUAC) was taken at the mid point of the upper arm with the arm hanging loosely by the side of the body using a Harpenden anthropometric tape measure, to the nearest 0.1 cm. To measure triceps skinfold thickness, a Holtain caliper was used to take the measurement to the nearest 0.2 mm at 1 cm above the mid point marked for the MUAC measurement.
Supervision and data quality control A ®eld supervisor was responsible for the day to day running of the project in the ®eld. Regular visits, spot checks as well as random supervisory visits were conducted by the principal researcher to ensure smooth running of the project. Prior to visiting a new area, refresher training was provided. All measurements were repeated except for triceps skinfold which was measured in triplicate.
Response rate
The response rate was 58.5%. Fewer men than women participated in the study and participation in those aged under 60 y was poorer than in the older age groups. The response rate among men was low; those aged under 60 y did not consider themselves old, were more likely to be working away from the village, and therefore were not available for the study.
Data entry and analysis
The Statistical Package for Social Sciences (SPSS) version 4.0 software (SPSS, 1987) was used to enter all the data. Data were analysed using SPSS (Statistical Package for Social Sciences) version 5.0 and version 6.1. T-tests were used to investigate sex and age-group differences. Variables with a skewed distribution were transformed prior to the application of parametric tests. For statistical signi®-cance, P values`0.05 were used (Kirkwood, 1988; Altman, 1991; Bryman & Cramer, 1994) .
Measurements were not taken for very ill or bedridden respondents (n 1). In addition, missing values for armspan (n 12) relate to dif®culties respondents had in stretching their arms properly. Oedema cases (n 12) were analysed separately (not presented in this paper) because oedema affects body weight, circumferences and skinfolds measurements (Kuczmarski & Kuczmarski, 1993) .
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Derived measurements Most equations for estimating height from armspan in African populations are limited in value due to small sample (42 males and 27 females; Traore, 1997) or locality (Pieterse, 1997) . For respondents with visible kyphosis (n 49), it was decided therefore to use regression equations developed from non-kyphotic respondents within the sample. The equations used were as follows:
Other derived measurements were:
Corrected Mid Arm Muscle Area (CAMA) which is corrected for bone area according to sex was obtained by subtracting 10 and 6.5 from AMA among males and females, respectively (Heyms®eld, 1982) .
Results
The mean age of the respondents was 63.3 y and 68.9 y among females and males, respectively. Kyphosis was seen in 17.3% of subjects and oedema in 4.1%. Nearly 90% of the sample was involved in agricultural activities while only 8.8% lived alone. The most common illnesses affecting older people were muscular and joint pains, respiratory problems, malaria and backache. Other than these, the prevalence of self-reported chronic illness was low; poor access to health care may, however, have led to underdiagnosis of chronic disorders. Table 1 shows age-group and gender-speci®c means (s.d.) of all anthropometric and derived measurements. The distribution of all measures except triceps skinfold were approximately normal. Hence the logarithm transformation of triceps skinfold was used to normalise distribution (Kirkwood, 1988; Altman, 1991; Bryman & Cramer, 1994) .
Anthropometric characteristics
Men were heavier and taller than women. Interestingly, armspan exceeded height signi®cantly in both sexes (by 11.3 cm in males, t 719.58, df 68, P`0.0001 and in females by 9.5 cm, t 730.75, df 155, P`0.0001). The difference between armspan and height is in part owing to the fact that armspan exceeds height among blacks (Reeves et al, 1996) and in part owing to a reduction in height from adulthood without a parallel decline in armspan with age (Dequeker et al, 1969; Kwok & Whitelaw, 1991) . Women were generally fatter with regard to subcutaneous fat than men since their mean MUAC and triceps skinfold were larger.
Females had a slightly higher mean BMI than men, although the difference was not statistically signi®cant. There were no sex difference in the CAMA after correcting AMA for cross-sectional bone area according to sex (Heyms®eld et al, 1982) .
Anthropometric and derived measures by age
The means (s.d.) of anthropometric and derived measurements according to different age-groups for men and women respectively are also shown in Table 1 . It is apparent from the tables that older groups had lower values than younger groups for most of the measurements except for triceps skinfold among men and armspan among women (it was similar for the both groups). Age related differences however were not statistically signi®cant. Tests for signi®cance: t-test for sex differences in the total sample; *P`0.05; **P`0.001. WHO (1995) recommends the use of the standard cut-off point of 18.5 kg/m 2 for those aged up to 69 y. It is however uncertain whether the same cut-off point could be used among those aged 70 y and above due to body compositional changes which are more pronounced after the age of 70 y. Owing to the lack of any suitable cut-off points, the same cut-off point was applied to all respondents. The distribution of BMI according to standard categories suggested by James et al (1988) and by are presented in Table 2 . Most of the respondents classi®ed as undernourished (undernutrition de®ned as BMI1 8.5 kg/m 2 ) were actually mildly undernourished. Height not only declines with age (Dequeker et al, 1969; van Leer et al, 1992; de Groot et al, 1996; Parker et al, 1996) , but is also dif®cult to measure accurately since many old people have problems standing upright and most walk with a slight bend at the hip and knees (Atchley, 1985) . Thus ordinary BMI may underestimate the true prevalence of undernutrition in an elderly population.
Furthermore, it cannot be calculated for individuals with obvious kyphosis. Therefore, to overcome this measurement problem, height was estimated from armspan for all respondents with kyphosis (as explained earlier). The prevalence of undernutrition, de®ned as BMI`18.5 kg/m 2 was 36.1% among males and 27.0% among females. The prevalence of undernutrition according to age-group and sex is shown in Figure 1 . It is apparent that undernutrition is a substantial problem among older people in Malawi, even if one examines prevalence among those under 70 y only, among whom the standard BMI cut-off points are considered suitable.
Discussion
This study provides unique data on the anthropometric characteristics of older people in rural Malawi. The pattern revealed is similar to patterns reported in other African countries (Ndaba & O'Keefe, 1985; Thoner, 1993; Aspray et al, 1994; Ethangatta et al, 1996; Pieterse, 1997) as well as in other developing countries such as India (Marlow et al, 1996; Manandhar et al, 1997b) , Sarawak (Strickland & Ulijaszek, 1993) and China (Side et al, 1991) . The Asians however, were slightly shorter than Malawians re¯ecting either genetic or urban±rural differences since most of the Asian studies were conducted in urban areas. Comparing the anthropometric measurements of the study to those of the black population used in the National Health and Nutrition Examination Survey (NHANES) I and II (Frisancho, 1990 ) as suggested by WHO (de Onis & Habicht, 1996; WHO, 1995) , the Malawians had substantially lower values than their American counterparts (Table 3 ). The Malawians are lighter, shorter and have less fat and muscle than those in developed countries (Delarue et al, 1994; de Groot et al, 1996; Lehmann et al, 1991; Fidanza et al, 1984) . In developed countries, overnutrition tends to be a major concern whereas in developing countries undernutrition is the major public health concern (Launer & Harris, 1996) . On the other hand, in Malaysia (Yassin & Terry, 1991) , the prevalence of both underweight and overweight appears to be high and their anthropometric means are slightly higher than for Malawi. Genetic and environmental factors such as life-styles, socio-economic status, access to health facilities, health conditions and differences in mortality of older people bring about differences in anthropometric characteristics between populations (Launer & Harris, 1996) .
In Malawi, undernutrition has been (and continues to be) a serious problem. Studies conducted in the late 30s reported high rates of malnutrition in children (Berry & Petty, 1992) . Therefore, poor older people today were likely to have been stunted and wasted in childhood and therefore may not have reached their full genetic potential. With continuous hardship from childhood to adulthood and repeated infections, nutritional problems persist into old age.
Changes in anthropometry with age
Changes in most of nutritional indicators with old age have been documented in both longitudinal and cross-sectional studies. In this study, most of the measurements indicated poorer nutritional status in higher age-groups although this was not statistically signi®cant. Age-related height loss is attributed to osteoporosis leading to shortening of the spinal column (Mitchell & Lipschitz, 1982; Haboubi, 1990) , alterations in posture (Lipschitz, 1992; de Groot et al, 1996) and kyphosis (curvature of the spine) (Chumlea & Baumgartner, 1989) . Older females in the study were substantially shorter than the average adult Malawian females (154.9 cm vs 156 cm), (NSO, 1994) which could re¯ect a true decline in height or a secular trend (Noppa et al, 1980; van Leer et al, 1992) . Armspan did not change with age-group among women which is in keeping with other studies (Yassin & Terry, 1991; van Leer et al, 1992; Steele & Chernier, 1990) . Weight was also lower in the higher age-groups in agreement with other studies (Yassin & Terry, 1991; Lehmann & Bassey, 1996) . Most of the decline in weight is attributed to an age-related decline in body water (Rico et al, 1993) . Older age-groups had lower MUACs and lower muscle areas (CAMA) than younger age groups in both males and females. This could be due to loss of fat and lean muscle associated with ageing (Lipski et al, 1993) . The difference in muscle area in age-groups was more prominent among females and similar ®ndings have been reported by RuizTorres et al (1995) and Yassin & Terry (1991) although Reid et al (1992) reported contrary results. The decline in muscle mass is attributed to the loss of protein and body water (Kuczmarski, 1989) . The reduction in muscle mass with age is believed to contribute to the reduction in muscle strength as age increases (Skelton et al, 1994; Kallman et al, 1990) .
Most studies have reported larger triceps measurements among females than among males (de Groot et al, 1991; Visser et al, 1994) . This observation was also apparent in this study. Larger mean skinfolds have been associated with survival (Milne, 1979) and small skinfolds with increased risk of subsequent mortality (Campbell et al, 1990) . However, their use is still in debate due to the re-distribution of fat from limbs to trunks, the increase in internal fat (Schwartz et al, 1990) and the compressibility of skinfold with age (Chumlea, 1991) .
Nutritional indicators
What is clear from this study is that low BMI is a major concern in Malawi. It has been associated with low survival rates among the elderly in several studies (Campbell et al, 1990; Rajala et al, 1990) . Individuals with a low BMI may encounter problems in responding to emergencies. Some studies have reported a decline in BMI with advancing age (Yassin & Terry, 1991; Parker et al, 1996; Strickland & Ulijaszek, 1993) , while others have indicated otherwise (Carmelli et al, 1991) . In this study, mean BMI was slightly lower in the oldest men and women. In addition, among women, the prevalence of undernutrition was highest in the oldest age-group which is indicative of a worsening situation with advancing age but could also be an indication of worsening health which may have a signi®cant in¯uence on the nutritional status of older people. Malaria and respiratory diseases are the common causes of morbidity among all ages in Malawi (GOM/UN, 1993) but joint and muscular pain tends to be more prevalent among older people (Allain et al, 1997) . Chronic illnesses which are prevalent among older people may have a bearing on their nutritional status particularly if they remain undiagnosed and therefore untreated. On the other hand, selective survival into extreme old age of those who are better nourished and healthier could result in a lower prevalence of malnutrition in the oldest age-group. Data from the ®rst and second National Health and Nutrition Examination Surveys (NHANES I and II; 1971±74 and 1976± 80) , Frisancho, 1990 .
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Conclusions
The results show a high prevalence of malnutrition among older people in Malawi which until recently was unrecognised. More importantly, these results should advocate for incorporating older people in existing and future nutrition and health programmes in Malawi. It is however essential to understand the underlying causes or risk factors in order to formulate programmes which can address these nutritional problems and ensure that older people have a better quality of life. The anthropometric results will later be linked to functional ability as suggested by Durnin (1989) and Kelly & Kroemer (1990) and as advocated by WHO (1995) , and to socio-economic factors.
